SPECIFICATION 



Title of the Invention : 

RADIO TRANSMISSION APPARATUS 

AND 

RADIO RECEPTION APPARATUS 

Inventor : 

Kentaro MIYANO 
Youichi NAKAGAWA 
Masahiro MIMURA 
Makoto HASEGAWA 
Yoshio KOYANAGI 



J 

1 



RADIO TRANSMISSION APPARATUS AND 
RADIO RECEPTION APPARATUS 
BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a radio 

transmission apparatus and radio reception apparatus in 
a digital radio communication . 
Description of the Related Art 

Digital radio communications always have a 
10 possibility that a received electric field strength of 
a signal becomes weak due to geographical conditions 
because a space is used as a transmission medium. 
Therefore, when the received electric field strength of 
the signal is weak, an error rate of data is increased 
15 and the data quality deteriorates. An example of 
measures to cope with the above situation is a technique 
using a polarization modulation as described in Japanese 
Laid Open Patent Publication HEI4-276926- 

This technique uses a modulation system that 
20 represents '1" and ^0" of data with polarizations. 
Specifically in the technique, a transmission apparatus 
and reception apparatus each is provided with two 
antennas with different directivities from each other, 
and the apparatuses communicate signals using antennas 
25 with the same directivity. For example, when the 
transmission apparatus and reception apparatus each is 
provided with two antennas with different directivities 
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from each other (dextrorotatory and levorotatory) , a 
signal transmitted from a dextro-antenna of the 
transmission apparatus can be received only at the 
dextro - antenna of the reception apparatus, and a signal 
5 transmitted from a levo-antenna of the transmission 
apparatus can be received only at the levo-antenna of 

the reception- aipparatus - — 

Accordingly, for example, by determining in advance 
that transmission data from a dextro-antenna represents 

10 "1", and that transmission data from a levo-antenna 
represents the reception apparatus is capable of 

deciding 1 " or 0 " of data by recognizing that the data 
Is transmitted from either antenna. 

However, in the technique, when a signal 

15 transmitted, for example, from a dextro-antenna is 
reflected by a wall or the like, the polarization of the 
signal is changed and the signal is converted to a signal 
transmitted from a levo-antenna, whereby the reception 
apparatus is not capable of deciding the data accurately. 

20 Further, in the technique, it is necessary for the 
reception apparatus to have two -ant ennas , and -thereby 
it is difficult to miniaturize the reception apparatus. 

Furthermore, received data rarely has errors and 
is received with the high quality when a received electric 

25 field strength of the signal is strong, however, received 
data has errors and the quality of the received signal 
deteriorates when the received electric field strength 
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of the signal is weak. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide 
a radio transmission apparatus and radio reception 
5 apparatus enabling the reception apparatus to receive 
signals of high quality using a single antenna and further 
to receive signals . of high quality even when received 
electric field strengths are weak in a modulation system 
that changes a plane of polarization of a polarization. 

10 It is a subject matter of the present invention that 

with respect to a variation in received electric field 
strength due to mismatching of received plane of 
polarization caused by that the reception apparatus 
having a single antenna receives signals transmitted 

15 from two antennas of the transmission apparatus with the 
plane of polarization varied, the reception apparatus 
uses a detected result on the received strength as well 
as demodulated data as reference data, and thereby 
obtains received data of high quality using a single 

20 antenna even when the received electric field strength 

is weakt. , . , . ^ , . . j /. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects and features of the 
invention will appear more fully hereinafter from a 

25 consideration of the following description taken in 
connection with the accompanying drawing wherein one 
example is illustrated by way of example, in which; 
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FIG.l is a block diagram illustrating 
configurations of a radio transmission apparatus and 
radio reception apparatus according to a first 
embodiment of the present invention; 
5 PIG -2 is a block diagram illustrating a 

configuration of a measuring section in the radio 
reception apparatus illustrated in -FIG . 1 r - 

FIG -3 is a diagram showing planes of polarization 
to explain different planes of polarization of signals 
10 polarized corresponding to transmission data; 

FIG. 4 is a diagram to explain processing in a 
comparing circuit illustrated in PIG. 2; 

FIG. 5 is another diagram to explain the processing 
in the comparing circuit illustrated in FIG. 2; 
15 FIG. 6 is a block diagram illustrating an example 

of a phase controller of the radio transmission apparatus 
according to the first embodiment of the present 
invention; 

FIG. 7 is a block diagram illustrating an example 
20 of the comparing circuit of the radio reception apparatus 
according to the, first embodiment, of. the present 
invention ; 

FIG. 8 is a block diagram illustrating 
configurations of a radio transmission apparatus and 
25 radio reception apparatus according to a second 
embodiment of the present invention; 

FIG- 9 is a block diagram illustrating a 
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configuration of a radio transmission apparatus 
according to a third embodiment of the present Invention; 
and 

FIG- 10 is a block diagram illustrating a 
5 configuration of a radio transmission apparatus 
according to a fourth embodiment of the present 
invention . 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
10 Embodiments of the present invention will be 

described specifically below with reference to 
accompanying drawings. 

(First embodiment ) 

This embodiment explains a radio transmission 
15 apparatus and reception apparatus in which planes of 
polarization are switched depending on transmission data, 
FIG.l is a block diagram illustrating configurations of 
the radio transmission apparatus and radio reception 
apparatus according to the first embodiment of the 
20 present invention. 

Transmission data 101 is_ conyert^ed into modulated 
signal 103 in modulator 102, and the signal 103 is 
transmitted through first linear polarization antenna 
element 106 • Phase controller 105 has a control terminal, 
25 and through the terminal, receives transmission data 101 
and modulated signal 103 from modulator 102, 

Phase controller 105 converts modulated signal 103 
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corresponding to transmission data 101 into modulated 
signal 104 with the same phase or with a phase shifted 
180Q. Modulated signal 104 is transmitted through 
second linear polarization antenna element 107 , That is., 
5 phase controller 105 provides a 180 degrees phase 
difference to the modulated signal. While the 180 
degrees phase shift is provided using phases of.OQ and 
1802 in this embodiment, phases are not limited in 
particular, and for example, phases of 902 and -90Q are 
10 usable. 

Radio signals transmitted from first linear 
polarization antenna element 106 and second linear 
polarization antenna element 107 are received at 
reception antenna 108, and received signal 109 is output 
15 to demodulator 110 and electric field strength detector 
111 (for example, received signal strength indicator). 

Demodulator 110 converts the radio signal into 
demodulated data 112, and outputs demodulated data 112 
to comparing circuit 117. Electric field strength 
20 detector 111 detects an electric field strength of the 
received signal, and outputs the electric. field strength 
as voltage level 113 to measuring section 114 (for example, 
comparator circuit) , 

Measuring section 114 Judges data based on voltage 
2 5 level 113 . The method of Judging da ta ls described later . 
Judged result 115 is output to comparing circuit 116. 

As illustrated in FIG. 2, comparing circuit 116 is 
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provided with judged result recognizing section 1161 
tliat recognizes the judged result from measuring section 
114, data inverting section 1163 that inverts data 
corresponding to a judged result indicative of weak 
5 electric field strength, and data determining section 
1162 that makes a determination on data corresponding 
to a judged result indicative of strong electric field 
strength and inverted data- 
Comparing circuit 116 compares demodulated data 112 

10 with judged result 115 , and hased on the compared result , 
obtains received data. The method of ohtaining received 
data is described later. 

A specific explanation is given of a case that the 
transmission apparatus transmits signals with different 

15 planes of polarization using first linear polarization 
antenna element 106 and second linear polarization 
antenna 107. 

For example, it is assumed that a phase of modulated 
signal 104 is shifted OQ when transmission data 101 is 

20 1, while being shifted 180Q when transmission data 101 
is_. 0 (-1), with, respect to modulated signal- 103-. 
Therefore when transmission data 101 is 1, modulated 
signal 103 and modulated signal 104 with the same phases 
are respectively transmitted from first linear 

25 polarization antenna 106 and second linear polarization 
antenna 107, and . when transmission data 101 is 0, 
modulated signal 103 and modulated signal 104 with the 
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opposite phases (phase shifted 180Q) are respectively 
transmitted from first linear polarization antenna 106 
and second linear polarization antenna 107. 

Planes of polarization are shown in FIG. 3 on the 
5 assumption that a longitudinal direction of first linear 
polarization antenna 106 is in a vertical direction, a 
longitudinal direction of second linear polarization 
antenna 106 is in a horizontal direction and that radio 
signals, transmitted from both antennas have the same 
10 power . 

Plane of polarization 201 is obtained when 
transmission data 101 is 1, and plane of polarization 
202 is obtained when transmission data 101 is 0. In 
addition, since only the phase is shifted 1802 

15 corresponding to transmission data, various 
combinations are considered that have planes of 
perpendicular to each other of signals with 180Q phase 
difference such as a combination of a right-hand circular 
polarization and left-hand circular polarization, for 

20 example, due to a line length to an antenna. 

The method of obtaining judged result 115 in the 
reception apparatus is next explained specifically. 

Measuring section 114 judges voltage level 113 
output from electric field strength detector 111 as 1 

25 when the received electric field strength is strong, i.e. 
when voltage level 113 is high, while judging the level 
113 as 0 when the received electric field strength is 
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weak, i.e. when voltage level 113 is low, and thereby 
obtains Judged result 115. 

A specific explanation is next given of the method 
of obtaining received data 117 in comparing circuit 116 
5 using demodulated data 112 and judged result 115, 

Reception antenna 108 receives a combined signal 
of radio signals transmitted from first linear 
polarization antenna element 106 and second linear 
polarization antenna element 107, and received electric 
10 field strengths are different depending on planes of 
polarization. In other words, the received electric 
field strength varies depending on transmission data 
101. 

When the received electric field strength is strong, 
15 it is considered that demodulated data 112 is correct. 
However, when the received electric field strength is 
weak, a possibility is high that demodulated data 112 
is in error- Then, comparing circuit 116 obtains 
received data 117 using demodulated data 112 and judged 
20 result 115. 

...When judged result 115 is indicative of 1> the 
received electric field strength is strong, therefore 
demodulated data 112 is considered to be correct and 
comparing circuit 116 outputs demodulated data 112 
2 5 itself as received data 117 . However , when judged result 
115 is indicative of 0, the received electric field 
strength is weak, therefore the possibility is high that 
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demodulated data 112 is in error • Then, when the 
received electric field strength is weak, regardless of 
the value of demodulated data 112, received data 117 
adopts an opposite value to demodulated data 112 obtained 
when the received electric field strength is strong . 
That is. comparing circuit 116 outputs 0 when demodulated 
data 112 at the time judged result 115 is 1 is 1, while 
outputting 1 when such, demodulated data 112 is 0, and 
thus outputs an inverted result to demodulated data 112 
obtained at the time the received electric field strength 
is strong. 

The processing in comparing circuit 116 described 
above is explained more specifically using FIGs.4 and 
5. A case is herein explained that transmission data 101 
is 1, 1, -1, 1, or -1, First explained is a case that 
the received electric field strength is strong when 
transmission data 101 is 1 - 

Transmission data 101 is converted into modulated 
signal 103 in modulator 102 of the transmission apparatus. 
Meanwhile, with respect to transmission 101 data, when 
the data is 1, modulated signal 104 has the same phase 
as that of modulated signal 103, and when the data is 
-1, modulated signal 104 is processed in phase controller 
105 and has a phase shifted 1802 with respect to a phase 
of the signal 103. Then the modulated signals are 
transmitted from the antennas 106 and 107 to the reception 
apparatus. In other words, when the data is 1, the 
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modulated signal transmitted from the antenna 106 and 
that transmitted from the antenna 107 have the same phases . 
and when the data is -1, the modulated signal transmitted 
from the antenna 106 and that transmitted from the antenna 
5 107 have opposite phases. In addition, FIGs-4 and 5 
illustrate a case of frequency modulation. 

In the reception - apparatus / as shown in FIG- 4, 
modulated signal 109 received at the reception apparatus 
has a strong received electric fieid^ strength and 
10 therefore has large amplitude when transmission data 101 
is 1 , while having a weak received electric field strength 
and therefore having small amplitude when transmission 
data 101 is -1. It is because, as explained above, the 
transmission apparatus transmits signals from antennas 
15 providing different planes of polarization, and matching 
and mismatching of the planes of polarization take place 
in the reception apparatus . 

Accordingly, when transmission data 101 is 1, in 
other words, when judged result recognizing section 1161 
.20 has a judged result of 1, since the received electric 
field strength is strong, data determining section' 1162 
determines demodulated data 112 as data of 1 and outputs 
the data 112 itself as received data 117, 

When transmission data 101 is -1, in other words, 
25 when judged result recognizing section 1161 has a judged 
result of -1, since the received electric field strength 
is weak, the possibility is high that an error occurs 
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on demodulated data 112. Therefore, the reception 
apparatus is not able to determine whether modulated data 
112 is 1 or -1- Then, when judged result recognizing 
section 1161 has the judged result of -1, the judged 
5 result is considered to have low reliability and is not 
used, and data inverting section 1163 inverts data of 
1 obtained when the received electric field strength -is - 
strong and outputs the inverted value to data determining 
section 1162. Data determining section 1162 outputs the 

10 inverted value as received data 117 (-1 in this case). 

Next explained is a case that the received electric 
field strength is strong when transmission data is - 
1. With respect to transmission data 101, as described 
above, when the data is 1, modulated signals with the 

15 same phases are transmitted from respective antennas 106 
and 107, and when the data is -1, modulated signals with 
inverted phases are transmitted from respective antennas 
106 and 107. 

In the reception apparatus, as shown in FIG. 5, 
20 modulated signal 109 received at the reception apparatus 
has a weak received electric field- strength and therefore 
has small amplitude when transmission data 101 is 1 , while 
having a strong received field strength and therefore 
having large amplitude when transmission data 101 is -1. 
25 Accordingly, when transmission data 101 is 1, in 

other words , when judged result recognizing section 1161 
has a judged result of -1, since the received electric 
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field strength Is weak, the possibility is high that an 
error occurs on demodulated data 112. Therefore^ the 
reception apparatus is not able to determine whether 
modulated data 112 is 1 or -1- Then, when judged result 
5 recognizing section 1161 has the judged result of -1, 
the judged result is considered to have low reliability 
and is not used; and data invert ing sect ion 1163 inverts 
data of -1 obtained when the received electric field 
strength is strong and outputs the inverted value to data 
10 determining section 1162 . Data determining section 1162 
outputs the inverted value as received data 117 (1 in 
this case ) . 

Meanwhile, when transmission data 101 is -1, in 
other words, when judged result recognizing section 1161 

15 has a judged result of 1, since the received electric 
field strength is strong, data determining section 1162 
determines demodulated data 112 as data of -1 and outputs 
the data 112 itself as received data 117- 

Thus , in the radio transmission apparatus and radio 

20 reception apparatus according to this -embodiment, 
regardless of propagation -conditions of- radio signals v 
correct received data can be obtained even when the 
received electric field strength varies corresponding 
to transmission data. 

25 According to this embodiment as described above, 

strong received electric field strength and weak 
received electric filed strength are generated using a 
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difference between transmission data, and when the 
received electric field strength is strong, the 
demodulated data is accepted as the received data, while 
when the received electric field strength is weak, the 
received data is obtained using a Judged result with an 
output voltage from the electric field strength detector, 
based on the demodulated data in the demodulator when 
the received electric field strength is strong. It is 
thereby possible to Improve the reception characteristic . 
Further, when a reception apparatus does not have a 
comparing circuit, reception diversity is usable. 

A next explanation is given of a case that a 
multiplier is used as the phase controller illustrated 
in PIG.l, FIG* 6 is a block diagram illustrating an 
example of the phase controller of the radio transmission 
apparatus according to the first embodiment of the 
present invention. 

In FIG. 6, multiplier 301 receives as its inputs 
transmission signal 302 and reference signal 303, 
multiplies the signal 302 by the signal 303^ and outputs 
the multiplied result to the antenna 107. Assuming that 
reference signal 303 is 1 or -1, multiplier 303 outputs 
a signal with the same phase as that of transmission 
signal 303 to second linear polarization antenna element 
107 when reference signal 303 is 1, while outputting a 
signal with an opposite phase to transmission signal 303 
to second linear polarization antenna element 107 when 
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reference signal 303 is -1. 

According to the above conist itutlon , it is possible 
to transmit signals with different planes of 
polarization corresponding to the reference signal. For 
5 example, transmission data and spreading code is used 
as the reference signal. 

A next explanation is given of a case that logic 
circuits are used as the comparing circuit illustrated 
in FIG-1. FIG. 7 is a block diagram illustrating an 
10 example of the comparing circuit of the radio reception 
apparatus according to the first embodiment of the 
present invention . 

The comparing circuit of this case is comprised of 
logic circuits of D-flip flop 401 and X-NOR 402, D-flip 
15 flop receives as its input demodulated data 112, and 
further receives as its gate input judged result 115 
delayed in delay circuit 405. X-NOR gate 402 receives 
as its inputs an output of D-flip flop 401 and judged 
result 115, and outputs received data 117. 
20 The reason for delaying the gate input is not to 

synchronize demoduleited data _.112 with the gate_ input 
because D-flip flop 401 outputs a value on a leading edge 
of the gate input. The delay time needs to be shorter 
than a cycle of a baseband frequency- 
25 It is assumed that judged result 115 is 1 when the 

received electric field strength is strong, and that 
judged result 115 is 0 (-1) when the received electric 
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field strengtli is weak. When the judged result 115 is 
1, the received electric field strength is strong, 
therefore demodulated data 112 is considered to be 
correct, and X-NOR 402 outputs demodulated data 112 
5 itself as received data 117. 

Meanwhile , when judged result 115 is 0 , the received 
electric field strength is weaJc, and therefore the 
possibility is high that demodulated data 112 is in error. 
Then, when the received electric field strength is weak, 

10 regardless of the value of demodulated data 112 , received 
data 117 adopts an opposite value (inverted value) to 
demodulated data 112 obtained at the time the received 
electric field strength is strong. Accordingly, when 
judged result 115 is 0, X-NOR 402 outputs the opposite 

15 value to a value obtained at the time judged result 115 
is 1 as received data 117. Receive data 117 is thus 
obtained. 

(Second embodiment) 

This embodiment explains a radio transmission 
20 apparatus that switches planes of polarization using a 
spreading code. FIG. 8 is a block diagram illustrating 
configurations of the radio transmission apparatus and 
a radio reception apparatus according to the second 
embodiment of the present invention. 
25 In this embodiment, phase controller 105 receives 

its inputs spread signal 121 spread with spreading code 
119 output from spreading code generator 118 and 
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spreading code 119 generated in spreading code generator 
118. 

Spread ' signal 121 is obtained by multiplying 
modulated signal 103 by spreading code 119 input to 
multiplier 120 . Then , first linear polarization antenna 
element 106 transmits spread signal 121, and second 
linear polarization antenna 10 7 transmits spread signal 
122 with a phase changed corresponding to spreading code 
119. 

Further, in the reception apparatus, multiplier 125 
multiplies received radio signal 109 by spreading code 
124 output from spreading code generator 123, and thereby 
obtains despread signal 126. Demodulator 110 

demodulates despread signal 126, and thereby obtains 
received data 117. 

The processing of obtaining received data in the 
reception apparatus is the same as in the first embodiment . 
While the first embodiment describes changing phases of 
signals per symbol basis to transmit the signals, this 
embodiment describes changing phases of signals per chip 
bas~is to transmit the signals. This case also exhibits 
the same effect as in the first embodiment. 

Further, by referring to a judged result by an 
electric field strength detector and measuring section 
using a variation in the received electric field strength 
as the reception apparatus in the first embodiment, it 
is possible to facilitate acquisition of synchronization 
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of the spreading code between the radio transmission 
apparatus and radio reception apparatus. 

According to the present invention as described 
above, signals are transmitted with different planes of 
5 polarization corresponding to the spreading code, 
whereby the reception apparatus avoids a condition that 
the received electric filed strength is low due to the 
mismatching of planes of polarization, without having 
a particular configuration, and thereby enables improved 
10 reception characteristics. Further, it may be possible 
to apply the diversity reception to a reception 
apparatus . 

(Third embodiment) 

This embodiment explains a case of switching two 
15 antennas providing different planes of polarization 
perpendicular to each other as the method of transmitting 
signals with different planes of polarization in the 
radio transmission apparatus in the first embodiment, 
FIG. 9 is a block diagram illustrating a configuration 
20 of the radio transmission apparatus in the third 
embodiment of the present invention. 

Switch 127 switches first antenna 128 and second 
antenna 129 providing different planes of polarization 
perpendicular to each other depending on transmission 
25 data 101. That is, switch 127 Judges whether to transmit 
a signal from first antenna 128 or second antenna 129 
corresponding to transmission data 101 to switch as 
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appropriate. In addition, it Is predetermined that 
which antenna is used to transmit a signal corresponding 
to what value of transmission data. 

Thus according to this embodiment, signals are 
transmitted with different planes of polarization 
corresponding to the transmission data, whereby the 
reception characteristics of the reception apparatus can 
be improved as in the first embodiment - 

( Fourth embodiment ) 

This embodiment explains a case of switching two 
antennas providing different planes of polarization 
perpendicular to each other as the method of transmitting 
signals with different planes of polarization. FIG. 10 
is a block diagram illustrating a configuration of a radio 
transmission apparatus in the fourth embodiment of the 
present invention - 

Switch 127 switches first antenna 128 and second 
antenna 129 providing different planes of polarization 
perpendicular to each other depending on spreading code 
119. 

Thus according to this embodiment, signals are 
transmitted with different planes of polarization 
corresponding to the spreading code , whereby it is 
possible to avoid a condition that the received electric 
field strength is low due to the mismatching of planes 
of polarization in the reception apparatus- 
( Fifth embodiment ) 
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This embodiment explains an example that first and 
second linear polarization antenna elements are not 
parallel to each other. When a phase controller is 
controlled in the same way as in the first or second 
5 embodiment, modulated signals output to first and second 
linear polarization antenna elements have the same 
phases or opposite phases corresponding to the 
transmission data or spreading code, whereby it is 
possible to transmit signals with different planes of 
10 polarization corresponding to the transmission data and 
spreading code in the same way as in the first embodiment . 
(Sixth embodiment) 

This embodiment explains an example of an antenna 
in which first and second linear polarization antenna 
15 elements are located on a plane at a spaced interval and 
the longitudinal relationship between the elements is 
indicative of twisted positions. 

When a phase controller is controlled in the same 
way as in the first or second embodiment, modulated 
20 signals output to first and second linear polarization 
antenna elements have the same phases or opposite phases . 
However, a distance between the first linear 
polarization antenna element and a reception antenna is 
different from that between the second linear 
25 polarization antenna element and the reception antenna, 
and therefore the plane of polarization of the 
transmitted signal is of an ellipse. When a difference 
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between the distances matches with a wavelength of the 
signal, the plane of polarization is of a straight line. 
Signals are thereby transmitted with different planes 
of polarization corresponding to the transmission data 
5 or spreading code in the same way as in the first or second 
embodiment . 

(Seventh embodiment) 

This embodiment explains an example of an antenna 
in which first and second linear polarization antenna 

10 elements are located at a spaced interval and the 
longitudinal relationship between the elements is 
Indicative of non-parallel positions in a space. When 
a phase controller is controlled in the same way as in 
the first or second embodiment, signals are transmitted 

15 with different planes of polarization corresponding to 
the transmission data or spreading code in the same way 
as in the sixth embodiment. 
(Eighth embodiment) 

This embodiment explains a radio transmission 
20 apparatus using a single antenna capable of transmitting 
two kinds of polarizations perpendicular to' each other. 
By using the antenna capable of transmitting two kinds 
of polarizations perpendicular to each other, instead- 
of using two antenna elements in the first or second 
25 embodiment, it is possible to switch the polarizations 
corresponding to the transmission data or spreading code, 
whereby the reception apparatus avoids a condition that 
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ttie received electric field strength is low due to the 
mismatching of polarizations, and thereby enables 
Improved reception characteristics. 

A radio transmission apparatus of the present 
5 invention is comprised of an antenna composed of first 
and second linear polarization antenna elements 
perpendicular to each other, a modulator and a phase 
controller, and transmits transmission data with 
different planes of polarization from respective first 
10 and second linear polarization antenna element s , where 
the modulator is connected to the first linear 
polarization antenna element and converts the 
transmission data into a modulated signal, and the phase 
controller is connected to the second linear 
15 polarization antenna element, has a control terminal and 
whenever the transmission data is input to the control 
terminal, shifts a phase of the modulated signal by oa 
or 180fi corresponding to the transmission data to output- 
A reception apparatus Is thus provided with added 
20 information due to different planes of polarization 
corresponding to the transmission data, and thereby can 
improve the communication quality. 

A radio transmission apparatus of the present 
invention is comprised of an antenna composed of first 
25 and second linear polarization antenna elements 
perpendicular to each other, a modulator, a multiplier, 
a spreading code generator, and a phase controller, and 
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transmits transmission data with different planes of 
polarization from respective first and second linear 
polarization antenna elements, where the modulator is 
connected to the multiplier and converts the 
5 . transmission data into a modulated signal, the spreading 
code generator is connected to the multiplier and the 
phase controller and outputs a spreading code, the 
multiplier is connected to the first linear polarization 
antenna element and phase controller and multiples the 
10 modulated signal by the spreading code to output a spread 
signal, and the phase controller is connected to the 
second linear polarization antenna element, has a 
control terminal, and whenever the spreading code is 
input to the control terminal, shifts a phase of the 
15 modulated signal by oc or 180Q corresponding to the 
spreading code to output. A reception apparatus is thus 
provided with added information due to different planes 
of polarization corresponding to the spreading code, and 
thereby can improve the communication quality. 
20 A radio transmission apparatus of the present 

invention is comprised of first and second antennas 
providing different planes of polarization 
perpendicular to each other, a modulator, and a switch 
to transmit transmission data with different planes of 
25 polarization, where the modulator is connected to the 
switch and converts transmission data into a modulated 
signal to output, and the switch is connected to the first 
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and the second antennas, has a control terminal, and 
whenever the transmission data is input to the control 
terminal, switches an antenna for transmitting the 
modulated signal to the first antenna or second antenna. 
5 A reception apparatus is thus provided with added 
information due to different planes of polarization 
corresponding to the transmission data, and thereby can 
improve the communication quality. 

A radio transmission apparatus of the present 
10 invention is comprised of first and second antennas 
providing different planes of polarization 
perpendicular to each other, a modulator, a multiplier, 
a spreading code generator, and a switch to transmit 
transmission data with different planes of polarization, 
15 where the modulator is connected to the multiplier and 
converts the transmission data into a modulated signal 
to output, the spreading code generator is connected to 
the multiplier and the switch and outputs a spreading 
code, the multiplier is connected to the switch and 
20 multiplies the modulated signal by the spreading code 
to output a spread signal, and^the switch is connected 
to the first and second antennas , has a control terminal, 
and whenever the spreading code is input to the control 
terminal, switches an antenna for transmitting the 
25 spread signal to the first antenna or second antenna. 
A reception apparatus is thus provided with added 
information due to different planes of polarization 
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corresponding to the spreading code, and thereby can 
improve the communication quality. 

A radio reception apparatus of the present 
invention is comprised of a reception antenna, a 
5 demodulator, an electric field strength detector, a 
measuring section and a comparing circuit, and obtains 
received data, from radio signals transmitted with 
different planes of polarisation corresponding to 
transmission data, where the demodulator is connected 
10 to the reception antenna and demodulates a received 
signal to output demodulated data, the electric field 
strength detector is connected to the reception antenna 
and converts the received signal into a voltage value 
to output, the measuring section is connected to the 
15 electric strength field detector and outputs a Judged 
result from the voltage value, and the comparing circuit 
is connected to the demodulator and the measuring section 
and outputs received data from the demodulated data and 
the judged result- According to this constitution, by 
20 referring to the judged result as well as the demodulated 
date, it is possible to obtain received data of high 
reliability. 

A transmission apparatus of the present invention 
bas , in the above constitution, an antenna with 
25 longitudinal directions of the first and second linear 
polarization antenna elements arranged not in parallel 
to each other, but crossing. It Is thereby possible to 
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transmit signals with, different planes of polarization 
corresponding to the transmission data even when the 
planes of polarization are not perpendicular. 

A transmission apparatus of the present invention 
5 has, in the above constitution, an antenna with first 
and second linear polarization antenna elements located 
on a plane at a spaced interval and with the longitudinal 
relationship between the elements indicative of twisted 
positions. It is thereby possible to transmit signals 
10 with different planes of polarization corresponding to 
the transmission data even when the planes of 
polarization are not perpendicular • 

A transmission apparatus of the present invention 
has, in the above constitution, an antenna with first 
15 and second linear polarization antenna elements located 
at a spaced interval and with the longitudinal 
relationship between the elements indicative of being 
not parallel but making an angle . It is thereby possible 
to transmit signals with different planes of 
20 polarization corresponding to the transmission data even 
when the planes of polarization are not perpendicular. 

A radio transmission apparatus of the present 
invention uses a multiplier as the phase controller in 
the above constitution, where the multiplier multiplies 
25 a transmission signal by a reference signal to output, 
and a polarity of the transmission signal is inverted 
depending on whether the reference signal is 1 or -I. 
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It is thereby possible to transmit signals with different 
planes of polarization corresponding to the reference 
signal . 

In the radio reception apparatus of the present 
invention in the above constitution, a comparing circuit 
uses a D-flip flop receiving as its input data to be 
corrected and as its gate input a delayed judged result, 
and an X-NOR gate receiving its inputs an output of the 
D"flip flop and the judged result, and corrects the data 
using reference data. Thus using two kinds of data 
enables the apparatus to obtain data with high 
reliability. 

The radio transmission apparatus of the present 
invention has, in the above constitution, a single 
antenna capable of transmitting two kinds of 
polarizations perpendicular to each other, and of 
switching the polarizations corresponding to 
transmission data or spreading code. The reception 
apparatus is thus provided with added information due 
to different planes of polarization corresponding to the 
transmission data or spreading code, and thereby can 
improve the communication quality. 

According to the present invention as described 
above, signals are transmitted with different planes of 
polarization corresponding to transmission data or 
spreading codes, whereby a variation in received 
electric field strength is caused by mismatching with 
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a received plane of polarization of a reception antenna, 
and the use of information on the variation of the 
received electric field strength enables the apparatus 
to receive signals with accuracy using a single antenna. 

In other words, when a plane of polarization is 
changed corresponding to transmission data, demodulated 
data obtained at the time of strong received electric 
field strength is accepted as received data, and at the 
time of weak received electric field strength, the 
received data is obtained based on the demodulated data 
at the time of strong received electric field strength, 
using a judged result with an output voltage from an 
electric field strength detector. It is thereby 
possible to obtain received data with the high quality. 
Further the reception apparatus is required to have only 
a single antenna, and it is thereby possible to 
miniaturize the reception apparatus. 

The present invention is not limited to the above 
described embodiments, and various variations and 
modifications may be possible without departing from the 
scope of the present Invention. 

This application is based on the Japanese Patent 
Application No , HEIll-362282 filed on December 21. 1999, 
entire content of which is expressly incorporated by 
reference herein. 



